
European  Patent  Office  ©  Publication  number:  0  1  9 4   7 4 4  

Office  europeen  des  brevets  A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  86300758.9  ©  Int.  CI.4:  G  06  F  1 5 / 3 6  

©  Date  of  filing:  05.02.86 

©  Priority:  11.03.85  US  710194  ©  Applicant:  TEKTRONIX,  INC. 
Tektronix  Industrial  Park  D/S  Y3-121  4900  S.W.  Griffith 
Drive  P.O.  Box  500 

©  Date  of  publication  of  application  :  Beaverton  Oregon  97077(US) 
17.09.86  Bulletin  86/38  _  ©  Inventor:  Frisch,  Arnold 

©  Designated  Contracting  States:  2920  N.W.  Circle  A  Lane 
DE  FR  GB  NL  Portland  Oregon  97229IUS) 

©  Representative:  Wombwell,  Francis  et  al, 
Potts,  Kerr  &  Co.  15,  Hamilton  Square 
Birkenhead  Merseyside  L41  6BR(GB) 

©  Method  and  appartus  for  providing  histogram  data. 
@  Data  for  a  histogram  is  provided  through  generation  of  a 
pseudo-random  sequence  in  a  shift  register  connected  in 
predetermined  feedback  relation.  A  histogram  element  stor- 
age  location  is  addressed  in  a  random  access  memory  and  is 
used  for  loading  the  shift  register  in  parallel  when  an  event 
corresponding  to  that  element  takes  place.  The  shift  register 
proceeds  from  that  point  to  increment  a  pseudo-random 
sequence  for  the  duration  of  the  event,  and  the  concluding 
value  of  the  sequence  is  loaded  back  into  the  random  access 
memory  location  at  the  conclusion  of  the  event.  A  network 
between  the  random  access  memory  and  the  shift  register 
loads  the  shift  register  with  a  pattern  that  replicates  the 
pattern  that  would  exist  in  the  shift  register  if  the  shift 
register  had  already  been  loaded  and  the  data  therein  was 
shifted  once. 

Croydon  Printing  Company  Ltd. 

. / . . .  

  Data  for  a  histogram  is  provided  through  generation  of  a 
pseudo-random  sequence  in  a  shift  register  connected  in 
predetermined  feedback  relation.  A  histogram  element  stor- 
age  location  is  addressed  in  a  random  access  memory  and  is 
used  for  loading  the  shift  register  in  parallel  when  an  event 
corresponding  to  that  element takes  place.  The  shift  register 
proceeds  from  that  point  to  increment  a  pseudo-random 
sequence  for  the  duration  of  the  event,  and  the  concluding 
value  of the  sequence  is  loaded  back  into  the  random  access 
memory  location  at  the  conclusion  of  the  event.  A  network 
between  the  random  access  memory  and  the  shift  register 
loads  the  shift  register  with  a  pattern  that  replicates  the 
pattern  that  would  exist  in  the  shift  register  if  the  shift 
register  had  already  been  loaded  and  the  data  therein  was 
shifted  once. 





' B a c k g r o u n d   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n  r e l a t e s   to   a  m e t h o d   a n d  

a p p a r a t u s   f o r   p r o v i d i n g   d a t a   f o r   a  h i s t o g r a m   a n d  

p a r t i c u l a r l y   t o  a   m e t h o d   and  a p p a r a t u s   f o r  

p r o v i d i n g   s u c h   d a t a   on  a  r e a l   t i m e   b a s i s .  

A  h i s t o g r a m   is   a  r e p r e s e n t a t i o n   of  t h e  

n u m b e r   a n d / o r   d u r a t i o n   of  c e r t a i n   e v e n t s ,  f o r  

e x a m p l e   p o r t r a y i n g   t h e   t i m e s   r e q u i r e d   by  a  c o m p u t e r  

to   e x e c u t e   v a r i o u s   p r o c e d u r e s   or  i n s t r u c t i o n s .   An 

i l l u s t r a t i o n   of  a  h i s t o g r a m   is   p r o v i d e d  i n   FIG.   3 

w h e r e i n   d i f f e r e n t  e v e n t s   a r e   r e p r e s e n t e d   b y  
d i f f e r e n t   h o r i z o n t a l   b a r s   a n d  t h e   l e n g t h s   of  t h e  

b a r s   r e p r e s e n t   n u m b e r s   of  e v e n t s  o r   e l a p s e d   t i m e .  

A  h i s t o g r a m   may  be  g e n e r a t e d   by  a  c o m p u t e r   v i a  a  

s o f t w a r e   p r o c e d u r e  e m p l o y e d   on  a  s a m p l i n g   b a s i s   f o r  

l o g g i n g   t h e   t i m e s   r e q u i r e d   f o r   d i f f e r e n t   p r o c e d u r e s  

or  t h e i r   n u m b e r   of  o c c u r r e n c e s ,   bu t   u n f o r t u n a t e l y  

t h i s   a p p r o a c h   has   t h e   e f f e c t   of  i n t e r f e r i n g   w i t h   t h e  

s o f t w a r e   or  c o m p u t e r   b e i n g   t e s t e d .   A  s e c o n d   a p p r o a c h  

w o u l d   e m p l o y   a  p l u r a l i t y   of  h a r d w a r e   t i m e r s   or  c o u n -  

t e r s ,   e a c h   a s s i g n e d   to   a  p a r t i c u l a r   e v e n t   or  p r o c e -  

d u r e ,   and  e a c h   e n a b l e d   when  t h a t   p a r t i c u l a r   e v e n t   o r  

p r o c e d u r e   t a k e s   p l a c e .   T h i s   a p p r o a c h   i s   s a t i s f a c t o r y  

f o r   l i m i t e d   n u m b e r s   of  e v e n t s   b u t   b e c o m e s   i m p r a c t i c a l  

f o r   a  h i s t o g r a m   of  any  s i z e .  

One  p r i o r   a r t   m e t h o d   i s   d e s c r i b e d   in  a  p a p e r   b y  

S t e v e n   K e r m a n ,   e n t i t l e d :   A  F a c i l i t y   f o r   A n a l y z i n g  

M i c r o p r o c e s s o r  S y s t e m   P e r f o r m a n c e ,   p u b l i s h e d   i n  

t h e   D i g e s t   of  P a p e r s ,   IEEE  C o m p c o n ,   1979.   In  t h i s  

s y s t e m ,  a  l a r g e   n u m b e r   of  c o u n t e r s   is   s i m u l a t e d  

by  one  c o u n t e r   and  a  r a n d o m   a c c e s s   m e m o r y .   D u r i n g  

t he   o c c u r r e n c e   of  e a c h   e v e n t   t h e   c o u n t e r   c o u n t s  

c l o c k   p u l s e s   and  i t s   c o n c l u d i n g   c o u n t   i s  



a d d e d   t o   a  s t o r e d   v a l u e   in   m e m o r y .   The  s a m e   a d d e r  

i s   e m p l o y e d   s u c c e s s i v e l y   f o r   u p d a t i n g   m a n y  
d i f f e r e n t   m e m o r y   l o c a t i o n s .   W h i l e   more   p r a c t i c a l  

t h a n   a  m u l t i p l i c i t y   of  c o u n t e r s ,   t h i s   s y s t e m   s t i l l  

t e n d s   to   be  s o m e w h a t   h a r d w a r e   i n t e n s i v e   and  s l o w e r  

t h a n   d e s i r e d   b e c a u s e   of   t h e   t i m e   r e q u i r e d   f o r   a d d e r  

o p e r a t i o n .   L a c k   of   s p e e d   s i g n i f i c a n t l y   l i m i t s   t h e  

u s e f u l n e s s   of  a  h i s t o g r a m   p r o c e s s o r   in   r e a l - t i m e  

a p p l i c a t i o n s .  

S u m m a r y   of  t h e   I n v e n t i o n  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   in  a  

p a r t i c u l a r   e m b o d i m e n t   t h e r e o f ,   a  m e t h o d   f o r   p r o -  

v i d i n g   d a t a   f o r   a  h i s t o g r a m   s t o r e s   a  p l u r a l i t y   o f  

v a l u e s   r e p r e s e n t a t i v e   of  e l e m e n t s   of   a  h i s t o g r a m ,  

a n d ,   i n   r e s p o n s e   to   t h e   o c c u r r e n c e   of   an  e v e n t  o f   a  

t y p e   r e p r e s e n t e d   by  a  h i s t o g r a m   e l e m e n t ,   g e n e r a t e s  

a  p s e u d o - r a n d o m   s e q u e n c e   of   v a l u e s .   At  t h e   c o n c l u -  

s i o n   of   t h e  e v e n t ,   t h e   s t o r e d   r e p r e s e n t a t i o n   f o r  

t h e   s a i d   e l e m e n t   i s  u p d a t e d   w i t h   t h e   c o n c l u d i n g  

n u m b e r   i n   t h e   s e q u e n c e .   In  p a r t i c u l a r ,   t h e  

s e q u e n c e   of   v a l u e s   i s   s t a r t e d   w i t h   a  n u m b e r   t h e r e -  

t o f o r e   s t o r e d   f o r   r e p r e s e n t i n g   t h e   e l e m e n t .  

In  an  e m b o d i m e n t   of  t h e   a p p a r a t u s   a c c o r d i n g   t o  

t h e ' p r e s e n t   i n v e n t i o n ,   a  r a n d o m   a c c e s s   m e m o r y  

s t o r e s   a  p l u r a l i t y   of   v a l u e s   f o r   r e p r e s e n t i n g  

e l e m e n t s   of  a  h i s t o g r a m .   Upon  t h e   o c c u r r e n c e   of  a n  

e v e n t   of   a  t y p e   p o r t r a y e d   by  t h e   h i s t o g r a m ,   a  

s t o r e d   v a l u e   i s   l o a d e d   i n t o   a  p s e u d o - r a n d o m  

s e q u e n c e   g e n e r a t o r   w h i c h   p r o c e e d s   to   g e n e r a t e   a  

s e q u e n c e   f o r   t h e   d u r a t i o n   of  t h e   e v e n t .   At  t h e  

c o n c l u s i o n   of  t h e   e v e n t ,   t h e   v a l u e   of  t h e   p s e u d o -  

r a n d o m   s e q u e n c e   i s   l o a d e d   b a c k   i n t o   t h e   r a n d o m  

a c c e s s   m e m o r y   r e p l a c i n g   t h e   v a l u e   i n i t i a l l y  

r e p r e s e n t i n g   t h e   s ame   e l e m e n t   of   t h e   h i s t o g r a m .  



In  t h e   f o r e g o i n g   m a n n e r   t h e   i m p l e m e n t a t i o n   o f  

a  m u l t i p l i c i t y   of  c o u n t e r s   i s   a v o i d e d   and  a l s o   t h e  

i m p l e m e n t a t i o n   of  a  s e p a r a t e   c o u n t e r   and  a d d e r   i s  

a v o i d e d   t h e r e b y   d e c r e a s i n g   t h e   e q u i p m e n t   c o s t   a n d  

c o m p l e x i t y   w h i l e   i n c r e a s i n g   o p e r a t i n g   s p e e d .  

I t   i s   a c c o r d i n g l y   an  o b j e c t   of  t h e   p r e s e n t  

i n v e n t i o n   to   p r o v i d e   an  i m p r o v e d   m e t h o d   a n d  

a p p a r a t u s   f o r   p r o v i d i n g   d a t a   f o r   a  h i s t o g r a m  

w h e r e i n  s a i d   d a t a   i s   r a p i d l y   g e n e r a t e d .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

to   p r o v i d e   an  i m p r o v e d   m e t h o d   and  a p p a r a t u s   f o r  

s u p p l y i n g   d a t a   f o r   a  h i s t o g r a m   w h e r e i n   t h e  

c i r c u i t r y   r e q u i r e d   i s   f a s t e r   and  l e s s   c o m p l e x   t h a n  

p r i o r   a r t   c i r c u i t r y .  

The  s u b j e c t   m a t t e r   of  t h e  p r e s e n t   i n v e n t i o n   i s  

p a r t i c u l a r l y   p o i n t e d   o u t   and  d i s t i n c t l y   c l a i m e d   i n  

t h e   c o n c l u d i n g   p o r t i o n   of  t h i s   s p e c i f i c a t i o n .   H o w -  

e v e r ,   b o t h   t h e   o r g a n i z a t i o n   and  m e t h o d   of  o p e r a t i o n  

of  t h e   p r e s e n t   i n v e n t i o n ,   t o g e t h e r   w i t h   f u r t h e r  

a d v a n t a g e s   and  o b j e c t s   t h e r e o f ,   may  b e s t   be  u n d e r -  

s t o o d   by  r e f e r e n c e   to   t h e   f o l l o w i n g   d e s c r i p t i o n  

t a k e n   in  c o n n e c t i o n   w i t h   a c c o m p a n y i n g   d r a w i n g s  

w h e r e i n   l i k e   r e f e r e n c e   c h a r a c t e r s   r e f e r   to   l i k e  

e l e m e n t s .  

D r a w i n g s  

FIG.  1  i s   a  b l o c k   d i a g r a m   of  a p p a r a t u s  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   f o r   g e n e r a t i n g  

d a t a   f o r   a  h i s t o g r a m ,  

FIG.  2  i s   a  c h a r t   i l l u s t r a t i n g   a  p s e u d o - r a n d o m  

s e q u e n c e   p r o d u c e d   by  t h e   FIG.  1  a p p a r a t u s ,   a n d  

FIG.  3  i s  a n   i l l u s t r a t i o n   of  a  t y p i c a l  

h i s t o g r a m .  



D e t a i l e d   D e s c r i p t i o n  

R e f e r r i n g   to   t h e   d r a w i n g s   and   p a r t i c u l a r l y   t o  

FIG.   1,  a  r a n d o m   a c c e s s   m e m o r y   11  i s   e m p l o y e d   t o  

s t o r e   h i s t o g r a m   " c o u n t s "   w h i c h   r e p r e s e n t   t h e   m a g n i -  

t u d e   of  h i s t o g r a m   e l e m e n t s ,   f o r   e x a m p l e   t h e   l e n g t h s  

of  t h e   h o r i z o n t a l   b a r s   i n   t h e   FIG.  3  h i s t o g r a m .   I t  

i s   u n d e r s t o o d   t h a t   c o n v e n t i o n a l   g r a p h i c   d i s p l a y  

e q u i p m e n t   i s   u t i l i z e d   f o r   d i s p l a y i n g   b a r s   (or  a n y  

o t h e r   c o n v e n i e n t   k i n d   of   r e p r e s e n t a t i o n )   in  r e s p o n s e  

to  t h e   n u m b e r s   t h a t   a r e   s t o r e d   a t   v a r i o u s   l o c a t i o n s  

of   m e m o r y   1 1 .  

In  t h e   p r e s e n t   e x a m p l e ,   h i s t o g r a m   g e n e r a t i o n  

w i l l   be  d e s c r i b e d   in   c o n n e c t i o n   w i t h   d e p i c t i n g   t h e  

a c c u m u l a t e d   t i m e s   r e q u i r e d   by  a  c o m p u t e r   to  i m p l e -  

m e n t   c e r t a i n   p r o c e d u r e s ,   i .   e.  w h e r e i n   t h e   h i s t o g r a m  

e l e m e n t   r e p r e s e n t s   a l l   of   t h e   o c c u r r e n c e s   of   a n  

i n s t r u c t i o n   or   g r o u p   of   i n s t r u c t i o n s   and  t h e   t o t a l  

t i m e s   s p e n t   in  e x e c u t i n g   t h e   s a m e .   T h i s   d a t a   i s  

u s e f u l   f o r   d e t e c t i n g   p r o c e d u r e s   f o r   w h i c h   e x c e s s i v e  

t i m e   may  be  r e q u i r e d .  

The  d a t a - o u t   c o n n e c t i o n s   of  r a n d o m   a c c e s s  

m e m o r y   10  w h i c h   a r e   d e s i g n a t e d   25  t h r o u g h   32  a r e  

c o n n e c t e d ,   v i a   i n t e r v e n i n g   c i r c u i t r y ,   to   p a r a l l e l  

d a t a   i n p u t s   Po  t h r o u g h   P7  of  s h i f t   r e g i s t e r   15.  I n  

p a r t i c u l a r ,   s u c c e s s i v e   r a n d o m   a c c e s s   memory   o u t p u t s  

25  t h r o u g h   31  a r e   c o n n e c t e d   to   s h i f t   r e g i s t e r  

p a r a l l e l   d a t a   i n p u t s   P1  t h r o u g h   P7.  E x c l u s i v e   OR 

g a t e   35  r e c e i v e s   i n p u t s   f r o m   d a t a   o u t   l e a d s   27  a n d  

32  and  s u p p l i e s   t h e   Po  p a r a l l e l   i n p u t   of  t h e   s h i f t  

r e g i s t e r .   The  p a r a l l e l   d a t a   o u t p u t s   of  t h e   s h i f t  

r e g i s t e r   15,  d e s i g n a t e d   Q0  t h r o u g h   Q7,  a r e   r e t u r n e d  

as  t h e   d a t a   i n p u t s   f o r   r a n d o m   a c c e s s   memory   11  

t h r o u g h   bus   39,  w h i l e   two   s h i f t   r e q i s t e r   o u t p u t s ,  

Q2  a n d  Q 7 ,   s u p p l y   t h e   s e r i a l  i n p u t   D0  of  t h e   s h i f t  

r e q i s t e r  i n   f e e d b a c k   r e l a t i o n   by  way  of  e x c l u s i v e  



OR  g a t e   3 7 .  

R e a d / w r i t e   c o n t r o l  1 3   o p e r a t e s   r a n d o m   a c c e s s  

m e m o r y   1 1  t o   b r i n g   a b o u t   r e s p e c t i v e   r e a d s   a n d  

w r i t e s  a t   a d d r e s s e s   s p e c i f i e d   on  a d d r e s s   bus   21 

w h i c h   may  c o m p r i s e   an  a d d r e s s   bus   o f  a   c o m p u t e r .  

A c t u a l l y ,   o n l y   p r e d e t e r m i n e d   h i g h e r   o r d e r  b i t s   f r o m  

b u s   21  may  be  u s e d   t o  a d d r e s s   m e m o r y   21  w h e r e b y  

e a c h   l o c a t i o n   in  m e m o r y   11  i d e n t i f i e s   a  s e r i e s  o f  

c o m p u t e r   i n s t r u c t i o n s .  

R e a d / w r i t e   c o n t r o l   13  r e c e i v e s   a  f e t c h   s i g n a l  

f r o m   t h e   c o m p u t e r   u n d e r   t e s t   f o r   i n i t i a t i n g   a  r e a d  

of   t h e   m e m o r y   11,   and   f o r   a l s o   s u p p l y i n g   a  p r e s e t  

e n a b l e   s i g n a l   on  l i n e   17.  The  p r e s e t   e n a b l e   s i g n a l  

e n a b l e s   s h i f t   r e g i s t e r  t o   a c c e p t   p a r a l l e l   d a t a  o n  

i n p u t s   i n d i c a t e d   a t   Po  t h r o u g h   P 7  f r o m  t h e   m e m o r y  
w h e n  i t   i s   l a t e r   c l o c k e d   b y  a   c o m p u t e r   c l o c k   p u l s e  

on  l i n e   19.  When  n o t  s o   e n a b l e d ,   t h e   s h i f t   r e g i s t e r  

f u n c t i o n s   in   a  c o n v e n t i o n a l   m a n n e r   and  s h i f t s   d a t a  

r e c e i v e d   a t   s e r i a l   i n p u t   D0  f r o m   l e f t   to   r i g h t ,  

as  p u l s e s   a r e   s u p p l i e d   by  t h e   c o m p u t e r   c l o c k .  

The  p r e s e t   e n a b l e   s i g n a l   on  l i n e   17  d i s a p p e a r s  

a f t e r   one  c l o c k   p u l s e ,   w h e r e b y   s u b s e q u e n t   c l o c k  

p u l s e s   s h i f t  t h e   p a r a l l e l   e n t e r r e d   d a t a .   The  d a t a  

w i l l   c o n t i n u e   to   s h i f t   w i t h   e a c h   c o m p u t e r   c l o c k  

p u l s e   so  l o n g   as  a  p a r t i c u l a r   p o r t i o n   o f  a   p r o g r a m  

i s   b e i n g   c a r r i e d   o u t ,   as  r e p r e s e n t e d   by  a  g i v e n  

i n s t r u c t i o n   (o r   s e r i e s  o f   i n s t r u c t i o n s )   h a v i n g   a n  

a d d r e s s   a p p l i e d   v i a   bus  2 1 .  

The  s h i f t   r e g i s t e r   15  in  t h e   p r e s e n t   e m b o d i -  

m e n t   r e c e i v e s   s e r i a l   i n p u t   d a t a   f rom  g a t e   3 7 ,  

c o m p r i s i n g   t h e   e x c l u s i v e   ORed  o u t p u t s   Q2  and  Q7 
f r o m   t h e   s h i f t   r e g i s t e r .   T h i s   s e r i a l   i n p u t   i n f o r -  

m a t i o n   i s   s h i f t e d   one   p o s i t i o n   t o   t h e   r i g h t   f o r  

e a c h   c l o c k   p u l s e ,   and  t h i s   p a r t i c u l a r  f e e d b a c k  

c o n f i g u r a t i o n   r e s u l t s   in  t h e   g e n e r a t i o n   by  t h e  



s h i f t   r e g i s t e r   of   a  p s e u d o - r a n d o m   s e q u e n c e   of  k n o w n  

l e n g t h ,   h e r e   c o m p r i s i n g   217  u n i q u e   c o m b i n a t i o n s   o f  

p a r a l l e l   o u t p u t s   Qo  t h r o u g h   Q7.  A  p o r t i o n   of  t h i s  

s e q u e n c e   i s  i l l u s t r a t e d   in   FIG.  2.  A l t e r n a t i v e  

f e e d b a c k   c o n n e c t i o n s   f o r   s u p p l y i n g   d i f f e r e n t   p s e u d o -  

r a n d o m   s e q u e n c e s   a r e   c l e a r l y   p o s s i b l e   and  t h e  

p r e s e n t l y   d e s c r i b e d   c o n f i g u r a t i o n   i s   g i v e n   o n l y   b y  

way  o f  e x a m p l e .   The  s e q u e n c e   of   u n i q u e   o u t p u t s   a r e  

t r e a t e d   as   s u c c e s s i v e   n u m b e r s   f o r   d e s c r i b i n g   t h e  

a c c u m u l a t e d   m a g n i t u d e   of  a  g i v e n   h i s t o g r a m   e l e m e n t .  

T h e n   w h e n   t h e   f e t c h   l i n e   of   t h e   c o m p u t e r   g o e s  

f a l s e ,   t h e   c o n t e n t s   of   t h e   r e g i s t e r   a r e   l o a d e d   b a c k  

i n t o   t h e   a d d r e s s e d   r a n d o m   a c c e s s   m e m o r y   l o c a t i o n  

v i a   l i n e s   39  f o r   " u p d a t i n g "   t h e   n u m b e r   t h e r e t o f o r e  

s t o r e d   a t   t h e   s a m e   a d d r e s s .  

By  way  o f   s u m m a r y ,   i t   w i l l   be   s e e n   t h a t   u p o n  
i n s t r u c t i o n   f e t c h   f o r   a  p a r t i c u l a r   a d d r e s s   ( o r  

s e r i e s   o f  a d d r e s s e s )   t h e   s h i f t   r e g i s t e r   w i l l  

r e c e i v e  a s   p a r a l l e l   i n p u t   t h e   end  r e s u l t   of   p r i o r  

p s e u d o - r a n d o m   s e q u e n c i n g   and  w i l l   p r o c e e d   in  t h e  

s a m e   p s e u d o - r a n d o m   s e q u e n c e   so  l o n g   as  t h a t   a d d r e s s  

( o r   s e r i e s   of   a d d r e s s e s )   r e m a i n s   c u r r e n t .   T h e  

a d d r e s s e d   l o c a t i o n   in   r a n d o m   a c c e s s   m e m o r y   i s   t h e n  

r e l o a d e d   f r o m   s h i f t   r e g i s t e r   15  to   p r o v i d e   u p d a t i n g  

w i t h   t h e  l a t e s t   v a l u e   f o r   t h e   h i s t o g r a m   e l e m e n t .  

As  n o t e d   p r e v i o u s l y ,   t h e   c o n t e n t s   of  r a n d o m  

a c c e s s   m e m o r y   11  a r e   n o t   l o a d e d   d i r e c t l y   i n t o   t h e  

p a r a l l e l   i n p u t s   of   s h i f t   r e g i s t e r   15,  b u t   a r e  

l o a d e d   v i a   t h e   i n t e r v e n i n g   n e t w o r k   i n c l u d i n g   XOR 

g a t e   35.  I t   w i l l   be  s e e n   t h e   p a r a l l e l   l o a d i n g   o f  

t h e   s h i f t   r e g i s t e r   r e p l i c a t e s   t h e   p a t t e r n   t h a t  

w o u l d   e x i s t   i f   t h e   o u t p u t   f r o m   t h e   r a n d o m   a c c e s s  

m e m o r y   w e r e   a l r e a d y   in  t h e   s h i f t   r e g i s t e r   and  t h e  

s h i f t   r e g i s t e r   c o n t e n t s   w e r e   t h e n   s h i f t e d   to   t h e  

r i g h t   by  one   p o s i t i o n .   T h u s ,   t h e   c l o c k   p u l s e   w h i c h  



c a u s e s   t h e   o u t p u t   of  t h e  m e m o r y   t o   be  l o a d e d   i n t o  

t h e   s h i f t   r e g i s t e r ,   i t s e l f   c a u s e s   one  s h i f t   i n  t h e  

s e q u e n c e  s o   t h a t   i f   t h e   c o n t e n t s   of  t h e   s h i f t  

r e g i s t e r   a r e   i m m e d i a t e l y   w r i t t e n   b a c k  i n t o   m e m o r y  

11 ,   t h e   a c c u m u l a t i o n   f o r   t h e   t i m e   p e r i o d   of   o n e  

c l o c k   p u l s e   i s   c o r r e c t l y   m a d e .  

I t  i s   o b s e r v e d   t h e   a c c u m u l a t i o n   and  r e l o a d i n g  

of  t h e   m e m o r y   b y  t h e  s h i f t  r e g i s t e r  i s   a c c o m p l i s h e d  

w i t h o u t  r e q u i r i n g   an  a d d e r ,   and  t h e r e f o r e   t h e  t i m e  

r e q u i r e d   f o r  c a r r y   p r o p a g a t i o n ,   e t c .   i s   a v o i d e d .  

The  p r e s e n t   s y s t e m   e x h i b i t s   s u b s t a n t i a l l y   i n c r e a s e d  

s p e e d   o f   o p e r a t i o n   a n d  c a n   p r o d u c e   i n f o r m a t i o n   f o r  

a  d i s p l a y   in   r e a l   t i m e   g e n e r a t e d   f r o m   c l o c k s   h a v i n g  

r a t e s   of  t w e n t y   MHz  and  f a s t e r .  

The  g e n e r a t i o n   of  a  h i s t o g r a m   f o r   d e p i c t i n g  

c o m p u t e r   p e r f o r m a n c e s   i s  g i v e n   o n l y   by  way  o f  

e x a m p l e ,   and  h i s t o g r a m s   m a y  b e   g e n e r a t e d   f o r  a  

w i d e   v a r i e t y   of  p u r p o s e s .   F o r  i n s t a n c e ,   t h e   h i s t o -  

g r a m   b a r s   in   F IG .   3  may  r e p r e s e n t   of   t h e   i n c r e m e n -  

t a l   t i m e  p e r i o d s   o c c u p i e d   by  a  g i v e n   v o l t a g e   l e v e l  

of  a  w a v e f o r m ,   e .g .   a  s q u a r e   wave   or  t h e   l i k e .   T h e  

h i s t o g r a m   can   t h e n   be  u s e d   to   d e r i v e   p r o p e r t i e s   o f  

t h e   o b s e r v e d  w a v e f o r m   s u c h   as  a v e r a g e  a n d  R M S  

v a l u e s ,  d u t y   f a c t o r ,   e t c .   In  t h e s e   a p p l i c a t i o n s  

t h e   u s e   of   a  f a s t  h i s t o g r a m   p r o c e s s o r  a l l o w s  

r e s u l t s   t o ' b e   c o m p u t e d   in  s i g n i f i c a n t l y   l e s s   t i m e  

t h a n   w o u l d   o t h e r w i s e   be  p o s s s i b l e .  

I t   i s   common  to  d i g i t i z e   w a v e f o r m s   a t  

f r e q u e n c i e s   in   t h e   14  to   20  MHz  r a n g e   f o r   v i d e o  

a p p l i c a t i o n s ,   and  i t   has   h e r e t o f o r e  b e e n   d i f f i c u l t  

to   d e s i g n   and  c o n s t r u c t   h i s t o g r a m   p r o c e s s i n g   f o r  

k e e p i n g   up,   b u t   t h e s e   r a t e s   a r e   e a s i l y   a c h i e v e d  

a c c o r d i n g   t o  t h e   p r e s e n t   i n v e n t i o n .   M o r e o v e r ,  

h i s t o g r a m   p r o c e s s i n g   i s   a p p l i c a b l e   to   t h e   a c c u m u l a -  

t i o n   of  s t a t i s t i c a l   d a t a   f o r   u s e   in  c o m p l e x   r e a l -  



t i m e   c o n t r o l   s y s t e m s .   Two  p o t e n t i a l   a p p l i c a t i o n  

a r e a s   a r e   n u c l e a r   r e a c t o r   c o n t r o l   and  c o n t r o l s   f o r  

l a r g e   e l e c t r o s t a t i c   p r e c i p i t a t o r s .  

Fo r   h i s t o g r a m   p r o c e s s i n g   in  a  f l o a t i n g   p o i n t  

c o n t e x t ,   two   h i s t o g r a m   p r o c e s s o r s   of   t h e   t y p e   h e r e i n  

d i s c l o s e d   can   be  e m p l o y e d :   one   p r o d u c e s   a  m o d u l o  

h i s t o g r a m ,   t h a t   i s   i t   a c c u m u l a t e s   t h e   m a n t i s s a   of  a  

f l o a t i n g   p o i n t   h i s t o g r a m ,   and  t h e   s e c o n d   p r o d u c e s  

t h e   c h a r a c t e r i s t i c   or  e x p o n e n t   of  t h e   f l o a t i n g   p o i n t  

h i s t o g r a m   by  c o u n t i n g   t h e   m o d u l o   c a r r i e s   and  a c c u m u -  

l a t i n g   t h e i r   t o t a l   a t   a  m e m o r y   a d d r e s s   w h i c h   c o r r e s -  

p o n d s   to   t h e   m e m o r y   a d d r e s s   u s e d   f o r   t he   m a n t i s s a .  

T y p i c a l l y   t h e   two   p r o c e s s o r s   a r e   r e l a t i v e l y   l o o s e l y  

l i n k e d   by  a  f i r s t - i n - f i r s t - o u t   b u f f e r   m e m o r y   t o  

a l l o w   t h e   e x p o n e n t   p r o c e s s o r   t o   be  c o n s t r u c t e d   o f  

s l o w e r ,   l e s s   c o s t l y   h a r d w a r e   t h a n   t h e   m a n t i s s a  

p r o c e s s o r .   The  r e a s o n   f o r   e m p l o y i n g   a  f l o a t i n g  

p o i n t   h i s t o g r a m   p r o c e s s o r   i s   to   a l l o w   h i s t o g r a m s   o f  

a  g r e a t e r   d e p t h   to   be  p r o c e s s e d   w h i l e   u s i n g   f a s t  

h a r d w a r e   s u f f i c i e n t   f o r   a  s h a l l o w   h i s t o g r a m .  

W h i l e   a  p r e f e r r e d   e m b o d i m e n t   of   t h e   p r e s e n t  

i n v e n t i o n   h a s   b e e n   shown   and  d e s c r i b e d ,   i t   w i l l   b e  

a p p a r e n t   t o   t h o s e   s k i l l e d   i n   t h e   a r t   t h a t   m a n y  

c h a n g e s   and  m o d i f i c a t i o n s   may  be  made  w i t h o u t  

d e p a r t i n g   f r o m   t h e   i n v e n t i o n   in   i t s   b r o a d e r  

a s p e c t s .   The  a p p e n d e d   c l a i m s   a r e   t h e r e f o r e  

i n t e n d e d   to   c o v e r   a l l   s u c h   c h a n g e s   and  m o d i f i c a -  

t i o n s   as  f a l l   w i t h i n   t h e   t r u e   s p i r i t   and  s c o p e   o f  

t h e   i n v e n t i o n   d e s c r i b e d .  



1.  The  m e t h o d   of  p r o v i d i n g   d a t a   f o r   a  

h i s t o g r a m ,   s a i d   m e t h o d   c o m p r i s i n g :  

p r o v i d i n g   s t o r a g e   f o r   a  p l u r a l i t y   of  v a l u e s  

r e p r e s e n t i n g   e l e m e n t s   of  s a i d   h i s t o g r a m ,  

in  r e s p o n s e   to   t h e   o c c u r r e n c e   of  an  e v e n t   o f  

t h e   t y p e   p o r t r a y e d   by  a  g i v e n   e l e m e n t   of  s a i d  

h i s t o g r a m ,   g e n e r a t i n g   a  s e q u e n c e   of  v a l u e s   f o r   t h e  

d u r a t i o n   of  s a i d   e v e n t ,  

and  s u p p l y i n g   a  s t o r a g e   l o c a t i o n   r e p r e s e n t i n g  

s a i d   g i v e n   e l e m e n t   of  s a i d   h i s t o g r a m   w i t h   t h e   v a l u e  

c o r r e s p o n d i n g  t o   s a i d   s e q u e n c e   a t   t h e   c o n c l u s i o n   o f  

s a i d   e v e n t .  

2.  The  m e t h o d   a c c o r d i n g   to   c l a i m   1  w h e r e i n  

s a i d   s e q u e n c e   c o m p r i s e s   a  p s e u d o - r a n d o m   s e q u e n c e .  

3.  The  m e t h o d   a c c o r d i n g   to   c l a i m   2  i n c l u d i n g  

g e n e r a t i n g   s a i d   p s e u d o - r a n d o m   s e q u e n c e   by  s h i f t i n g  

d a t a   in  a  s h i f t   r e g i s t e r ,   and  f e e d i n g   b a c k   t h e  

c o n t e n t s   of  s a i d   s h i f t   r e g i s t e r   to   a  s e r i a l   i n p u t  

t h e r e o f   in  p r e d e t e r m i n e d   l o g i c a l   c o m b i n a t i o n .  

4.  The  m e t h o d   a c c o r d i n g   to   c l a i m   2  i n c l u d i n g  

s t a r t i n g   s a i d   p s e u d o - r a n d o m   s e q u e n c e   w i t h   a  v a l u e  

c o r r e s p o n d i n g   to  a  v a l u e   t h e r e t o f o r e   s t o r e d   f o r  

r e p r e s e n t i n g   s a i d   g i v e n   e l e m e n t   of  s a i d   h i s t o g r a m .  

5.  The  m e t h o d   a c c o r d i n g   to   c l a i m   1  i n c l u d i n g  

s t o r i n g   s a i d   p l u r a l i t y   of  v a l u e s   in  a  r a n d o m   a c c e s s  

m e m o r y ,   w h e r e i n   d i f f e r e n t   a d d r e s s e d   l o c a t i o n s   s t o r e  

v a l u e s   c o r r e s p o n d i n g   to   d i f f e r e n t   e l e m e n t s   of  s a i d  

h i s t o g r a m .  

6.  The  m e t h o d   of  p r o v i d i n g   d a t a   f o r   a  



h i s t o g r a m ,   s a i d   m e t h o d   c o m p r i s i n g :  

d e t e c t i n g   an  e v e n t   of   t h e  t y p e   p o r t r a y e d   by  a n  

e l e m e n t   of   s a i d   h i s t o g r a m ,  

g e n e r a t i n g   a  p s e u d o - r a n d o m   s e q u e n c e   of   v a l u e s  

in  r e s p o n s e   to   s a i d   d e t e c t i o n ,  

and  p r o v i d i n g   an  e l e m e n t   o f  s a i d   h i s t o g r a m  

c o r r e s p o n d i n g  t o   a  v a l u e   of   s a i d   p s e u d o - r a n d o m  

s e q u e n c e .  

7.  The  m e t h o d   o f   p r o v i d i n g   d a t a   f o r  a  

h i s t o g r a m ,   s a i d   m e t h o d   c o m p r i s i n g :  

s t o r i n g   a  v a l u e   r e p r e s e n t i n g   i n p u t  i n c r e m e n t s  

a t   a  g i v e n   l e v e l   of   s a i d  h i s t o g r a m ,  

g e n e r a t i n g   a  p s e u d o - r a n d o m   s e q u e n c e   i n  

r e s p o n s e   t o   o c c u r r e n c e   of   f u r t h e r   i n p u t   i n c r e m e n t s  

a t   s a i d   g i v e n   l e v e l   of   s a i d   h i s t o g r a m ,  

and ,   in   r e s p o n s e   t h e r e t o ,   s t o r i n g   a  new  v a l u e  

f r o m   s a i d   p s e u d o - r a n d o m   s e q u e n c e .  

8.  The  m e t h o d   a c c o r d i n g   t o  c l a i m   7  w b e r e i n  

s a i d   new  v a l u e   r e p l a c e s   t h e   p r e v i o u s l y   s t o r e d  

v a l u e .  

9.  The  m e t h o d   a c c o r d i n g   to   c l a i m   7  i n c l u d i n g  

s t a r t i n g  s a i d   p s e u d o - r a n d o m   s e q u e n c e   w i t h  a   v a l u e  

c o r r e s p o n d i n g   t o   t h e   p r e v i o u s l y   s t o r e d   v a l u e .  

10.  T h e  m e t h o d   of   p r o v i d i n g   d a t a   f o r   a  f l o a t i n g  

p o i n t   h i s t o g r a m ,   s a i d   m e t h o d   c o m p r i s i n g :  

d e t e c t i n g   an  e v e n t   of  t h e   t y p e   p o r t r a y e d   b y  

an  e l e m e n t   of   s a i d   h i s t o g r a m ,  

and  g e n e r a t i n g   a  p s e u d o - r a n d o m   s e q u e n c e   o f  

v a l u e s   c o r r e s p o n d i n g   to   t h e   m a n t i s s a   of  s a i d  

f l o a t i n g   p o i n t   h i s t o g r a m .  



11.  The  m e t h o d   a c c o r d i n g   to  c l a i m   10  f u r t h e r  

i n c l u d i n g   g e n e r a t i n g   a  s e q u e n c e   of  v a l u e s  

c o r r e s p o n d i n g   to   t h e   c h a r a c t e r i s t i c   of  s a i d  

f l o a t i n g   p o i n t   h i s t o g r a m   in  r e s p o n s e   m o d u l o   c a r r i e s  

of  s a i d   m a n t i s s a .  

12.  A p p a r a t u s   f o r   p r o v i d i n g   d a t a   f o r   a  

h i s t o g r a m ,   s a i d   a p p a r a t u s   c o m p r i s i n g :  

a  r a n d o n   a c c e s s   m e m o r y   h a v i n g   a  p l u r a l i t y   o f  

a d d r e s s a b l e   l o c a t i o n s ,  

a  s h i f t   r e g i s t e r   a d a p t e d   to   be  l o a d e d   in  p a r a l l e l ,  

m e a n s   f o r   l o a d i n g   d a t a   f rom  a  m e m o r y   l o c a t i o n  

in  p a r a l l e l   i n t o   s a i d   s h i f t   r e g i s t e r ,  

and  means   f o r   t r a n s f e r r i n g   t h e   c o n t e n t s   of  s a i d  

s h i f t   r e g i s t e r   b a c k   i n t o   s a i d   r a n d o m   a c c e s s   m e m o r y ,  
w h e r e i n   s a i d   s h i f t   r e g i s t e r   is   i n t e r c o n n e c t e d  

in  f e e d b a c k   r e l a t i o n   to  p r o v i d e   a  p r e d e t e r m i n e d  

n u m b e r   s e q u e n c e   as  d a t a   in  s h i f t e d   t h e r e i n ,   s a i d  

s e q u e n c e   b e i n g   r e p r e s e n t a t i v e   of  t h e   n u m b e r   of  t i m e s  

s h i f t i n g   h a s   t a k e n   p l a c e .  

13.  The  a p p a r a t u s   a c c o r d i n g   to   c l a i m   12  

w h e r e i n   s a i d   m e a n s   f o r   l o a d i n g   d a t a   f rom  a  

m e m o r y   l o c a t i o n   i n t o   s a i d   s h i f t   r e g i s t e r   c o m p r i s e s  

l o g i c a l   means   f o r   r e p l i c a t i n g   t he   p a t t e r n   t h a t  

w o u l d   e x i s t   in   s a i d  s h i f t   r e g i s t e r   i f   t h e   d a t a   f r o m  

s a i d   memory   l o c a t i o n   w e r e   a l r e a d y   in  s a i d   s h i f t  

r e g i s t e r   and  i n c r e m e n t a l l y   s h i f t e d .  

14.  The  a p p a r a t u s   a c c o r d i n g   to   c l a i m   12  

i n c l u d i n g   g a t e   m e a n s   r e c e i v i n g   p a r a l l e l   o u t p u t s   o f  

s a i d   s h i f t   r e g i s t e r   and  p r o v i d i n g   a  l o g i c a l   o u t p u t  

c o u p l e d   to  a  s e r i a l   i n p u t   of  s a i d   s h i f t   r e g i s t e r   t o  

s u p p l y   f e e d b a c k   w h e r e b y   s a i d   p r e d e t e r m i n e d  

s e q u e n c e   i s   g e n e r a t e d .  
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